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Aim of the study: Previous studies have shown that the extracts obtained from Tropaeolum majus L.
exhibit pronounced diuretic effects supporting the ethnopharmacological use of this plant as diuretic. In
the present work, phytochemical investigation, guided by bio-assay in spontaneously hypertensive rats
(SHR), was carried out in order to identify the compounds responsible for diuretic action.
Material and methods: Chromatographic fractionation of the hydroethanolic extract yielded an active
fraction (TMLR) rich in isoquercitrin. TMLR (25–100mg/kg) and isoquercitrin (5–10mg/kg), as well the
reference drug hydrochlorothiazide (10mg/kg) were orally administered in a single dose or daily for
7 days to SHR. The urine excretion rate, pH, density, conductivity and content of sodium (Na+) and
+
ropaeolaceae
atriuretic
rine output
soquercitrin
potassium (K ) electrolytes were measured in the urine of saline-loaded animals.
Results: The urinary excretion rate was dose-dependently increased in both TMLR and isoquercitrin
groups, as well as Na+. Despite the changes in urinary excretion of electrolytes, the plasmatic levels
of Na+ and K+ had not been changed. In addition, we did not ﬁnd any evidence of renal toxicity or other
adverse effects in these animals, even after prolonged treatment with TMLR or isoquercitrin.
Conclusion:This research supports andextends the ethnomedicinal use of T.majus asdiuretic. This activity
the p
 seems to be associated to
. Introduction
Tropaeolum majus L. (Tropaeolaceae), known as “chaguinha” or
capuchinha”, is widely distributed in Brazil. Its leaves have been
sed in folkmedicineagainst cardiovasculardisorders, urinary tract
nfections, asthma, and constipation (Correa, 1978; Ferreira et al.,
004; Ferro, 2006). Previous phytochemical studies have reported
he occurrence of the ﬂavonoids isoquercitrin and kaempferol
lycoside, in the leaves of T. majus (De Medeiros et al., 2000;
ietkiewska et al., 2004; Zanetti et al., 2004), besides glucosi-
olates and tetracyclic triterpenes (Lykkesfeldt and Moller, 1993;
rifﬁths et al., 2001). Several studies disclosed a number of rele-
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Open access under the Elsevier OA license. resence of the ﬂavonol isoquercitrin.
© 2010 Elsevier Ireland Ltd. 
vant pharmacological properties associated with ﬂavonoids, such
as antioxidant, diuretic and cardioprotective effects (Schramm and
German, 1998; Lacaille et al., 2001; Maghrani et al., 2005; Emura
et al., 2007; Wu and Muir, 2008).
Diuretics, such as thiazides and furosemide, are among themost
used anti-hypertensive agents in humans. These drugs are well
known by their ability to reduce blood pressure in hypertension
and improve the cardiovascular function in heart failure, among
others. However, these agents are also associated with important
adverse effects, such deleterious/dangerous reduction in Na+ and
K+ plasmatic levels. Thus, the developing of new diuretic agents
with reduced adverse effects is important to improve the output in
several cardiovascular diseases.
Open access under the Elsevier OA license.Previous ﬁndings from our own group showed that the
hydroethanolic extract obtained from the leaves of T. majus
(HETM) produced dose-dependent diuresis in rats, what explain,
at least in part, the popular use of this plant against cardio-
vascular diseases (Gasparotto Junior et al., 2009). In order to
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dentify the compounds responsible for this activity, a phytochem-
cal study, guided by bio-assay in spontaneously hypertensive
ats (SHR), was carried on hydroethanolic extract of T. majus.
n the present study, we reported the results of diuretic
ctions of the semi-puriﬁed fraction obtained from hydroethanolic
xtract (TMLR) and its main component, the ﬂavonoid iso-
uercitrin.
. Materials and methods
.1. Drugs
Isoquercitrin and hydrochlorothiazide (HCTZ) were obtained
rom Sigma–Aldrich Chemical Co. (St. Louis, MO, USA). All other
rugs and reagents used were purchased from Sigma–Aldrich
hemical Co. (St. Louis, MO, USA) or from Merck (Darmstadt,
ermany).
.2. Phytochemical study
.2.1. Plant material and preparation of the HETM and TMLR
Tropaeolum majus leaves were collected in June 2008
rom the botanical garden of Universidade Paranaense (UNI-
AR) (Umuarama, Brazil) at 430m altitude above sea level
S23◦47′55–W53◦18′48). The plant was identiﬁed by Dr. Mariza
arion Romagnolo (Department of Botany, UNIPAR, Brazil). A
oucher specimen is deposited at the Herbarium of this University
nder number 2230.
Leavesof theT.majuswereair-dried inanovenat40 ◦C for4days
nd then cut and pulverized. Dried powdered plant material was
acerated for 7 days using 90% ethanol as solvent. The solvent was
emoved using a rotary vacuum evaporator under reduced pres-
ure and lyophilized, giving up 15.39% of the drymaterial extracted
HETM). This extract was suspended in water, ﬁltered and sub-
itted to a column with Amberlite XAD-2, eluted with water and
thanol. The fraction eluted with ethanol (TMLR) yielded 15.30%,
fter solvent evaporation. TMLR was dissolved in distilled water
ust before oral administration.
.2.2. Chemical composition of TMLR
TMLR was analyzed by electrospray ionization–mass spectrom-
try (ESI–MS) (Gaskell, 1997) using a MS system – Quattro LC
riple-stage quadrupole (Micromass, United Kingdom), operating
n the positive (30V) and negative (30V) ionmode. The compounds
ere identiﬁed by comparison of their ESI–MS/MS fragmentation
pectra with literature data (Roesler et al., 2008). In addition, the
hemical composition of TMLRwas also determinedbyhighperfor-
ance liquid chromatography (HPLC-UV) by comparative analysis
sing standards (isoquercitrin and kaempferol glycoside). For com-
ound isoquercitrin HPLC quantitative analysis was performed (Li
t al., 2008; unpublished results).
.3. Pharmacological studies
.3.1. Animals
Weusedmale SHR (3–4months old, weighing between 250 and
00g) from the colony of the Institute of Biomedical Science of
niversidade de São Paulo (USP, Brazil). All animals were main-
ained under standard laboratory conditions, with a constant 12h
ight/dark cycle and controlled temperature (22±2 ◦C). Standard
ellet food (Nuvital®, Curitiba/PR, Brazil) and water were avail-
ble ad libitum. All experimental procedures adopted in this study
ere previously approved by the Institutional Ethics Committee
f the Universidade Federal do Paraná (UFPR, Brazil; authorization
umber 240).pharmacology 134 (2011) 210–215 211
2.3.2. Assessment of diuretic activity: experimental design
The diuretic activity was determined accordingly to the method
described previously (Kau et al., 1984), with minor modiﬁcations.
The animals were separated in seven groups (n=5) for the acute
(single dose) study, and further seven groups (n=5) for the con-
tinuous (7 days repeated-dose) study. Rats were fasted overnight
with free access to water and subjected to the stated treatment as
describedbelow. Eachanimalwasplaced in an individualmetabolic
cage 24h before the commencement of treatments for environ-
mental adaptation.
2.3.3. Acute diuretic activity
Before the treatment, all animals received physiological saline
(0.9% of sodium chloride (NaCl)) at an oral dose of 5mL/100g to
impose a uniform water and salt load (Benjumea et al., 2005). The
ﬁrst group received vehicle (deionised water) orally and was used
as control. Different groupsof rats received, byoral route, 25, 50and
100mg/kg of TMLR, 5 and 10mg/kg of isoquercitrin or 10mg/kg of
hydrochlorothiazide (HCTZ). Theurinewas collected in a graduated
cylinder and its volumewas recorded at 2h intervals for 8h. Cumu-
lative urine excretionwas calculated in relation to bodyweight and
expressed as mL/100g. Electrolyte concentrations of sodium (Na+)
and potassium (K+), pH (potential of hydrogen), density and con-
ductivity were estimated from a pooled urine sample of each pair
of rats at the end of the experiment (8h).
2.3.4. Sub-chronic diuretic activity
TMLR (25, 50 and 100mg/kg), isoquercitrin (5 and 10mg/kg) or
HCTZ (10mg/kg) were daily administered by oral gavage for differ-
ent groups of rats for 7 days; control animals received vehicle every
day. The total amount of urine was collected at each 24h and had
the volume, Na+ and K+ concentrations, pH, density and conductiv-
ity measured. The plasmatic concentration of sodium, potassium,
urea, and creatinine in these animals were also measured at the
end of the experiment (day 7).
2.4. Analytical procedures
Blood was collected in capillary tubes containing ethylene
diamine tetraacetic acid by retro-orbital puncture under thiopen-
tal anesthesia (50mg/kg). Plasma was obtained by centrifugation
(600× g at 4 ◦C), and stored at −20 ◦C until analysis. The plasmatic
and urinary levels of sodium and potassium were analyzed by
ﬂame spectrophotometry. Concentrations of creatinine and urea
in plasma were analyzed using an automated chemistry analyzer
(FRYKAKaltetechnik—Ohmstraße 4, D-73730 Esslingen, Germany).
2.5. Statistical analysis
The results are expressed as mean± standard error of mean of
ﬁve animals per group. Statistical analyses were performed using
one-way analysis of variance (ANOVA) followed by Bonferroni’s
or Student’s t-test, when applicable. A p value less than 0.05 was
considered statistically signiﬁcant. The graphs were drawn and the
statistical analyses were performed using GraphPad Prism version
5.01 for Windows (GraphPad Software, San Diego, CA, USA).
3. Results
3.1. Phytochemical studyThe fraction TMLRwas analyzed by direct insertion ESI–MSboth
in the negative and positive ion modes. The major components
were isoquercitrin (m/z 464) and kaempferol glucoside (m/z 448),
which was detected as the deprotonated molecules of m/z 463 and
447, respectively, and identiﬁed by comparison with data found in
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Fig. 1. Effect of acute (A) and prolonged (B) oral administration of TMLR and hydrochlorothiazide on urinary volume of spontaneously hypertensive rats (SHR). Groups of
rats were subjected to single (A) or daily treatments for 7 days (B) with vehicle (control group), TMLR (25, 50 and 100mg/kg), or hydrochlorothiazide (10mg/kg). The urine
samples were collected for 8h and every day until 7 days. Each bar represents the mean of ﬁve animals and the vertical lines show the S.E.M. Asterisks denote the signiﬁcance
levels in comparison with the control group (one-way ANOVA followed by Newman–Keuls test) (*p<0.05; **p<0.01; ***p<0.001).
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ats were subjected to single (A) or daily treatments for 7 days (B) with vehicle (con
amples were collected for 8h and every day until 7 days. Each bar represents the m
evels in comparison with the control group (one-way ANOVA followed by Newma
he literature (Roesler et al., 2008). These resultswere conﬁrmedby
PLC-UV analysis using isolated standards and the structures were
nequivocally conﬁrmed by co-injection of authentic standards
nd identiﬁedby retention value. Isoquercitrin andkaempferol glu-
oside can be considered chemical markers of T. majus. The HPLC
uantitative method showed that the total content of isoquercitrin
n HETM and TMLR was 3.86 and 9.35%, respectively (unpublished
esults).
.2. Diuretic activity of a single dose of the TMLR and
soquercitrin in spontaneously hypertensive rats (SHR)
.2.1. Effect on urine volume
The treatment with a single dose of the TMLR (100mg/kg) sig-
iﬁcantly increased diuresis (Fig. 1A) after 6, 8, 15 and 24h. For
nstance, the total volume of urine measured at 6 and 24h in
MLR-treated animals were 2.22±0.32 and 3.97±0.29mL, while
he urinary output seen in the control group at these same times
ere 1.02±0.14 and 2.53±0.18mL, respectively, representing anncrease between 40 and 110% in the diuresis. The single admin-
stration of isoquercitrin (10mg/kg) also increased the urinary
olume when compared to the control group (Fig. 2A) (after 4h
he volume of urine was 1.63±0.16mL in isoquercitrin group
ersus 0.85±0.11mL in the control group). The diuretic effect ofchlorothiazide in the diuresis of spontaneously hypertensive rats (SHR). Groups of
oup), isoquercitrin (5 and 10mg/kg), or hydrochlorothiazide (10mg/kg). The urine
ﬁve animals and the vertical lines show the S.E.M. Asterisks denote the signiﬁcance
ls test) (*p<0.05; **p<0.01; ***p<0.001).
isoquercitrin (10mg/kg) was statistically signiﬁcant at all times.
The cumulative urinary volume found in TMLR and isoquercitrin-
treated animals (100 and 10mg/kg, p.o., respectively) were not
different than the diuresis obtained in animals treated with HCTZ,
a classical diuretic agent (Figs. 1A and 2A).
3.2.2. Effect on urinary electrolyte excretion
Theeffects of acute treatmentwithHCTZ, TMLR (100mg/kg) and
isoquercitrin (10mg/kg)onelectrolyte (Na+ andK+) excretion in the
urine collected at 8h after treatments are presented in Table 1. All
tested substances increased the excretion of the sodium (p<0.05),
however, only the group treated with hydrochlorothiazide pre-
sented high amounts of K+ in the urine.
3.3. Diuretic activity of TMLR and isoquercitrin after continuous
administration in SHR
3.3.1. Effect on urine volume
Daily administration of either TMLR (100mg/kg) or iso-quercitrin (10mg/kg) for 7 days signiﬁcantly increased diuresis
after the ﬁrst day of treatment (Figs. 1B and 2B). At this point,
the cumulative urinary ﬂow was increased from 2.53±0.18mL in
control animals to 3.97±0.29mL and 4.58±0.44mL in rats treated
with TMLR and isoquercitrin.
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Table 1
Effect of acute oral administration of Tropaeolum majus fraction (TMLR), isoquercitrin and hydrochlorothiazide on urinary electrolyte excretion, conductivity, pH and density.
Group n pH Conductivity (mS/cm) Density (g/mL) Na+ (mmol/L/8h) K+ (mmol/L/8h) Saluretic indexa
Na+ K+
Control 5 7.40 ± 0.18 13.10 ± 0.51 0.99 ± 0.03 101.00 ± 5.40 35.93 ± 3.49 – –
HCTZ (10mg/kg) 5 7.43 ± 0.32 15.72 ± 0.35* 1.00 ± 0.01 151.00 ± 7.20*** 51.75 ± 3.04** 1.49 1.44
TMLR (25mg/kg) 5 7.23 ± 0.24 13.44 ± 0.21 0.99 ± 0.01 100.30 ± 11.20 37.38 ± 6.86 0.99 1.04
TMLR (50mg/kg) 5 7.22 ± 0.15 13.21 ± 0.77 0.99 ± 0.02 119.30 ± 8.68 39.41 ± 5.61 1.17 1.09
TMLR (100mg/kg) 5 6.92 ± 0.21 14.88 ± 0.22 0.99 ± 0.01 129.00 ± 7.80* 40.63 ± 3.51 1.27 1.13
Isoquercitin (5mg/kg) 5 7.04 ± 0.15 13.78 ± 0.32 0.99 ± 0.01 100.30 ± 11.20 36.38 ± 6.86 0.99 1.01
Isoquercitin (10mg/kg) 5 6.87 ± 0.29 15.10 ± 0.63 0.99 ± 0.03 127.00 ± 4.70* 39.63 ± 4.51 1.25 1.10
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she results show the mean values and standard errors; n=number of pairs used in e
tudent’s t-test.
a Saluretic index: mmol/L problem group/mmol/L control group.
.3.2. Effect on urinary electrolyte excretion
Both TMLR and isoquercitrin increased the excretion of Na+ in
rine at days 1, 5, 6 and 7 (Fig. 3A and B), while hydrochloroth-
azide administration resulted in signiﬁcant increase in all days of
valuation. On the other hand, the excretion of K+ was signiﬁcantly
ncreased by hydrochlorothiazide, but remained unchanged after
aily administration of TMLR and isoquercitrin (data not shown).
.3.3. Effect on plasma electrolyte, urea and creatinine levels
The levels of creatinine, urea, sodium, and potassium in plasma,
easured at the last day of treatment with HCTZ, TMLR or iso-
uercitrin, were not affected by any of these drugs (Table 2).
. Discussion and conclusions
There is substantial evidence from both in vitro and in vivo
tudies regarding the beneﬁcial effect of extracts obtained from T.
ajus against urinary disturbances (Binet, 1964; Goos et al., 2006;
asparotto Junior et al., 2009). Furthermore, similar to the extracts
rom other species such as Tropaeolum tuberosum, T. majus extract
as an important effect on the urinary excretion (Johns et al., 1982;
e-la-Cruz et al., 2007; Gasparotto Junior et al., 2009), contributing
o support the diuretic actions of this plant, popularly known as
chaguinha”. In the present work, the active extract of T. majus was
ractionated by chromatography and the activity remained only
n the TMLR fraction. This fraction was rich in the ﬂavonol iso-
uercitrin, together with lower amounts of kaempferol glycoside
nd others phenolics.
ig. 3. Effect of prolonged oral treatment with TMLR and isoquercitrin on urinary excretio
aily with repeated doses of vehicle (control group), TMLR (25, 50 and 100mg/kg), isoquer
ollected every day until 7 days, and sodium levels were analyzed. Each bar represents th
igniﬁcance levels in comparison with the control group (one-way ANOVA followed by Noup. *p<0.05 and ***p<0.001 in comparison with the control group (vehicle) using
The results presented here extended the previous data and
showed, for the ﬁrst time, that active constituents present in the
ethanolic extract obtained from the leaves of T. majus (HETM) and
puriﬁed fraction (TMLR) are effective in inducing diuretic actions.
Notably, isoquercitrin, the major component of these preparations,
was also effective in increasing the urinary output either when
the treatment was acute or prolonged in SHR, while kaempferol
glycoside was inactive in the tested conditions (data no shown).
Diuretics are drugs that increase the rate of urine ﬂow and
sodium excretion, and are used to adjust the volume and/or com-
position of body ﬂuids in several pathological conditions, including
hypertension. In this speciﬁc case, these agents work by reducing
arterial resistance and/or decreasing cardiac output, reducing the
total circulating blood (Jackson, 1996).
An important difﬁculty in studying a disease process such as
hypertension begins with the fact that the etiology of hyperten-
sion is heterogeneous, and the drugs can present different effect in
normotensive and hypertensive peoples. Therefore, several exper-
imental models have been developed to mimic the many facets
of human hypertension. The ideal animal model for hypertension
research should have human-like cardiovascular anatomy, hemo-
dynamics and physiology (Sarikonda et al., 2009). In this direction,
SHR strains develop hypertension and organ damage in a way con-
sidered very similar to human essential hypertension (Trippodo
and Frohlich, 1981; Sarikonda et al., 2009). In the present study,
the diuretic effect of orally administered TMLR and isoquercitrin
was evaluated in SHR rats after either one dose or daily dosing for
7 days. The effect on electrolyte balance, urea and creatinine lev-
els was also determined. The efﬁcacy of TMLR and isoquercitrin
n of sodium in spontaneously hypertensive rats (SHR). Groups of rats were treated
citrin (5 and 10mg/kg) or hydrochlorothiazide (10mg/kg). The urine samples were
e mean of ﬁve animals, and the vertical lines show the S.E.M. Asterisks denote the
ewman–Keuls test) (*p<0.05; **p<0.01; ***p<0.001).
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Table 2
Effect of sub-chronic oral administration of T. majus fraction (TMLR), isoquercitrin and hydrochlorothiazide on plasma urea, creatinine, sodium and potassium levels in rats.
Treatment n Plasma electrolyte level Plasma urea and creatinine level
Na+ (mmol/L) K+ (mmol/L) Urea (mg/dL) Creatinine (mg/dL)
Control 05 154.60 ± 3.29 5.62 ± 0.19 46.84 ± 5.17 0.24 ± 0.02
HCTZ (10mg/kg) 05 140.20 ± 4.36 5.38 ± 0.15 44.36 ± 1.42 0.23 ± 0.01
TMLR (25mg/kg) 05 148.40 ± 3.35 5.04 ± 0.17 48.34 ± 3.64 0.28 ± 0.01
TMLR (50mg/kg) 05 151.20 ± 5.29 5.43 ± 0.14 43.24 ± 4.17 0.21 ± 0.02
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Isoquercitin (5mg/kg) 05 147.50 ± 4.38
Isoquercitin (10mg/kg) 05 146.10 ± 4.57
alues are expressed as mean± S.E.M. of ﬁve rats in each group in comparison with
as assessed comparing their effects with HCTZ, that increases the
rinary excretion of sodium by inhibiting the Na+/Cl− symporter
co-transporter system) in the distal convoluted tubule (Jackson,
996).
Previous phytochemical studies in T. majus extract have shown
hat the major components in the leaves of this plant are glucosi-
olates and ﬂavonoids (Lykkesfeldt and Moller, 1993; De Medeiros
t al., 2000; Grifﬁths et al., 2001; Mietkiewska et al., 2004; Zanetti
t al., 2004), suggesting that these polar compounds could account
or the diuretic effects of T. majus. Here, through a fractionation
io-assay guided, it was identiﬁed and quantiﬁed the ﬂavonol iso-
uercitrin in an active fraction of T. majus.
A closed analysis of results obtained with T. majus fraction
TMLR) reveals high diuretic activity accompanied by intense
aluretic effect. It seems to indicate that the diuretic activity of
his specie is associated with the presence in the plant of polar
ompounds. We also found that isoquercitrin exhibited an impor-
ant diuretic activity, with a noteworthy and signiﬁcant increase
n both volume and sodium urinary excretion in comparison with
he control groups. These results indicate a remarkable parallelism
etween the TMLR and the isoquercitrin effects. Therefore, these
ata allowus to suggest that the diuretic effect of T. majusproduced
y its fraction TMLR is mainly due the presence of isoquercitrin,
polyphenolic compound, without excluding the possibility that
ther products in this plant can contribute to this action. Previous
tudies have also demonstrated that there are several compounds
hich could be responsible for the plants diuretic effects such as
ther ﬂavonoids, saponins or organic acids (Maghrani et al., 2005).
he effect may be produced by stimulating regional blood ﬂow or
nitial vasodilatation (Stanic and Samarzija, 1993) or by produc-
ng inhibition of tubular reabsorption of water and anions (Pantoja
t al., 1991), with the result in both cases being diuresis.
In a previous study carried on crude extracts from T. majus, we
oncluded that the diuretic action showed by an ethanolic extrac-
ive solution was not related to high amounts of potassium found
n the plant, excluding an osmotic-like mechanism. In addition, we
uggest that the effect of one or more active components of that
xtract facilitate the release of renal prostaglandins (Gasparotto
unior et al., 2009). Interestingly, some ﬂavonoids can increase
he activity of prostacyclin synthase (Schramm and German, 1998;
chramm et al., 2001), corroborating our hypothesis.
Thus, the present study supports the traditional usage of T.
ajus in the Brazilian folk-medicine as a diuretic agent. Addition-
lly, we have conﬁrmed that this activity is associated with the
resence of the ﬂavonoid isoquercitrin, which showed a potent
aluretic/diuretic effect, no associated to osmotic mechanisms. But
he precise analysis of the bioactive compound in the cup of tea
r infusion as used in traditional medicine seems difﬁcult to carry
hrough because the exact amounts of leaves and water used in
olk medicine as tea is in variable proportion. In our previous work
Gasparotto Junior et al., 2009) infusions with different percent-
ges of T. majus were tested and did not show a signiﬁcant effect on
ater excretion, but the higher concentration used (10%) showed5.48 ± 0.18 49.16 ± 1.52 0.22 ± 0.01
5.14 ± 0.12 46.14 ± 2.64 0.24 ± 0.01
5.28 ± 0.18 51.31 ± 2.41 0.23 ± 0.01
ontrol (vehicle) using Student’s t-test.
a signiﬁcant elevation in sodium excretion. It was also noted that
the diuretic effect of T. majus was different than that produced by
HCTZ, there was a beneﬁcial potassium retention effect.
In conclusion, the advantage of an interesting potassium-saving
effect, without showing symptoms of acute toxicity or interference
with parameters related to renal functions, suggests that HETM or
its active compound(s) could be helpful as an add-on to conven-
tional diuretics drugs.
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